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
7KHDLPRIWKLVVWXG\LVWRGHWHUPLQHWKHSUHVVXUHDQGWKHYHORFLW\ILHOGIRUPRGXOHVRIKROORZ
ILEHUV XOWUDILOWUDWLRQ E\ QXPHULFDO VLPXODWLRQ WDNLQJ LQWR DFFRXQW WKH H[DFW JHRPHWULFDO
FRQILJXUDWLRQV RI WKUHH LQGXVWULDOPRGXOHV 7KH FRQILJXUDWLRQ XVHG LV DQ LQVLGHRXW ILOWUDWLRQ LQ
GHDGHQGPRGH ,I LQFUHDVLQJ WKH ILOWUDWLRQ VXUIDFH DQG WKHPHPEUDQHV SHUPHDELOLW\ LQFUHDVH
WKH SHUPHDWH IORZ WKH PRGXOH FRPSDFWQHVV LQFUHDVHV DQG PRGLILHV VWURQJO\ WKH PRGXOH
K\GURG\QDPLFV,WLVWKHQLPSRUWDQWWRFRQVLGHULIDOOWKHKROORZILEHUVDUHVXEMHFWHGWRWKHVDPH
SUHVVXUH ILHOG DV WKH WUDQVPHPEUDQH SUHVVXUH 7KH UHVXOWV REWDLQHG E\ QXPHULFDO VLPXODWLRQ
DUHFRPSDUHGZLWKH[SHULPHQWDOPHDVXUHPHQWV

0HWKRGV
7KH ILUVW VWHS RI WKH VWXG\ ZDV WR HYDOXDWH WKH SHUPHDELOLW\ N LQ WKH QHWZRUN RI KROORZILEHU
ZKHUH WKH IORZ FDQ EH DVVXPHG LQFRPSUHVVLEOH DQG ODPLQDU 7KH VWDJJHUHG DQG WKH LQOLQH
FRQILJXUDWLRQV ZHUH VLPXODWHG IRU D ZLGH UDQJH RI SDFNLQJ GHQVLWLHV UDWLR RI KROORZ ILEHUV
YROXPHRQPRGXOHYROXPHEHWZHHQDPLQLPDOYDOXHDQGDYDOXHIRUZKLFKKROORZILEHUVRFFXS\
WKHHQWLUHYROXPHDYDLODEOH7KLVSHUPHDELOLW\NZLOORQO\EHGHSHQGHQWRQSDFNLQJGHQVLW\DQG
WKH IORZ YHORFLW\ LQ WKH EXQGOH 2QFH HYDOXDWHG WKH VHFRQG SDUW ZDV WR GHWHUPLQDWH WKH
SUHVVXUH DQG YHORFLW\ ILHOGV LQ WKH PRGXOHV FRQVLGHULQJ WKH GLIIHUHQW SDUDPHWHUV DV WKH
JHRPHWU\RIWKHPRGXOHDQGPHPEUDQHVWKHPHPEUDQHVSHUPHDELOLW\DQGWKHLUFRPSDFWQHVV
WKHRSHUDWLQJHQWU\YDOXHVVXFKDVILOWUDWLRQRUEDFNZDVKSUHVVXUHVDQGJUDYLW\

5HVXOWV7KH FXUYHV KLJKOLJKWLQJ WKH SHUPHDELOLW\ N DV D IXQFWLRQ RI SDFNLQJ GHQVLW\ IRU ERWK
FRQILJXUDWLRQVVWDJJHUHGDQGLQOLQHEHKDYHWKHVDPHZD\DQGREH\DQH[SRQHQWLDOODZ7KLV
SHUPHDELOLW\WHQGVWRZDUGVIRUORZSDFNLQJGHQVLWLHVZKLFKPHDQVWKDWWKHYLVFRXVUHVLVWDQFH
WHQGVWRZDUGV LQILQLW\ LQ WKHVROLGPDWUL[ WKHPLQLPDOSDFNLQJGHQVLW\ LVUHDFKHGZKHQKROORZ
ILEHUV DUH FRQWLJXRXV DQG XQGHU VXFK FRQGLWLRQV WKH IOXLG IORZ WKURXJK WKH F\OLQGHUV EDQN LV
WKHRUHWLFDOO\ LPSRVVLEOH 7KLV PHDQV WKDW WKH SURGXFHG SHUPHDWH SURGXFWLRQ VWHS RU WKH
SHUPHDWHLQMHFWHGWRFOHDQWKHKROORZILEHUVEDFNZDVKVWHSQRORQJHUIORZVRXWVLGHWKHKROORZ
ILEHUV ,W FDQ EH QRWHG WKDW WKHPRGXOH FRQILJXUDWLRQ EULQJV D OLWWOH SUHVVXUH GURS H[FHSW IRU
XQUHDOLVWLF FRQGLWLRQV RI YHU\ KLJK SHUPHDELOLW\ DQG LQOHW SUHVVXUH ,W ZDV VKRZQ WKDW GXULQJ
LQVLGHRXWILOWUDWLRQDQGIRUWKHWKUHHWHVWHGPRGXOHFRQILJXUDWLRQVDQGUHJDUGOHVVWKHFRQGLWLRQV
RI ILOWUDWLRQ KROORZILEHUVZRUN LQ D KRPRJHQHRXVZD\  +RZHYHU LQ WKH FDVHRI WKH
EDFNZDVKDJUHDWHUKHWHURJHQHLW\PD\DSSHDU

'XULQJ WKHEDFNZDVKKROORZILEHUVDUH VXEMHFWHG WR DSUHVVXUHDQG WKH IOXLGPRWLRQ WHQGV WR
FRPSDFW WKH KROORZILEHUV WRJHWKHU )RU WKLV SDUW RI WKH VWXG\ WKH DUUDQJHPHQW HIIHFW WKH
YDULDWLRQ RI WKH SHUPHDELOLW\ DQG WKH SUHVVXUH WKH DUUDQJHPHQW HIIHFW DQG WKH LQIOXHQFH RI
SDFNLQJ GHQVLW\ WHPSHUDWXUH DQG JUDYLW\ ZHUH WDNHQ LQWR DFFRXQW )RU WKH UHDOLVWLF FDVH RI
EDFNZDVKWKHIORZORVVHVRIWKHHQWLUHPRGXOHFDQEHHVWLPDWHGFRQVLGHULQJDSHUPHDELOLW\RI
/KEDUPDQLQOHWSUHVVXUHRIEDUWKHLQGXVWULDOPRGXOHGHYHORSLQJDKLJKPHPEUDQH
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VXUIDFH D SDFNLQJ GHQVLW\ RI  WKH WKHRUHWLFDO IORZ LV PK 7KH UHVXOWV RI VLPXODWLRQ
JLYHDSUHVVXUHGURSEHWZHHQWKHFHQWHUDQGWKHHGJHRIHDFKEXQGOHRIDURXQGPEDUDQG
UHSUHVHQWDORVVRIRIWKHWRWDOIORZFDXVHGE\WKHKHWHURJHQHLW\RIWKHSUHVVXUHZLWKLQWKH
EXQGOH)LJXUH

)RU D JLYHQ SHUPHDELOLW\ DQG LQOHW SUHVVXUH WKH HIIHFW RI WKH SDFNLQJ GHQVLW\ RQ WKH ILOWUDWLRQ
KRPRJHQHLW\ LV DV KLJK DV WKH ODWWHU LV ORZ D SRO\QRPLDO YDULDWLRQ LV WKHUHIRUH REWDLQHG DV
VKRZQRQ)LJXUH
,QRUGHUWRYDOLGDWHWKHVLPXODWLRQVFDUULHGRXWDQLQGXVWULDOPRGXOHZDVHTXLSSHGZLWKSUHVVXUH
VHQVRUV 0RUH SUHFLVHO\ WZR WLPHV  VHQVRUV ZHUH SODFHG RQ WZR GLDPHWULFDOO\ RSSRVHG
EXQGOHV$UHDVDQG5HVXOWVEHWZHHQH[SHULPHQWVDQGQXPHULFDOVLPXODWLRQVDUHPDWFKLQJ
DQG QXPHULFDO VLPXODWLRQ FDQ DFFRXQW IRU WKH DFWXDO SUHVVXUH LQVLGH WKH EXQGOH  WKH
H[SHULPHQWDOHUURU)LJXUH7KHYDOXHRI WKHSDFNLQJGHQVLW\ IRU WKHQXPHULFDOVLPXODWLRQ LV
7KLVYDOXHLVDOVRFRQVLVWHQWZLWKKROORZILEHUVLQUHDOLW\ZKLFKDUHFORVHWRHDFKRWKHU$
VLPLODUDJUHHPHQWLVREWDLQHGDW&)URPWKLVJRRGDJUHHPHQWLWFDQEHFRQFOXGHGWKDWLWLV
SRVVLEOH WR SUHGLFW WKH SUHVVXUH DQG YHORFLW\ ILHOGV LQ WKH KROORZ ILEHUV ZKDWHYHU WKHPRGXOH
FRQILJXUDWLRQDQGH[SHULPHQWDOSDUDPHWHUV

&RQFOXVLRQ
'XULQJ LQVLGHRXW ILOWUDWLRQ IRU WKH WKUHH WHVWHGPRGXOH FRQILJXUDWLRQVDQGHYHQ IRUXQUHDOLVWLF
FRQGLWLRQV RI ILOWUDWLRQ IRU H[DPSOH LQOHW SUHVVXUH RI  EDU KROORZ ILEHUV ZRUN LQ D
KRPRJHQHRXVZD\+RZHYHU LQ WKHFDVHRIEDFNZDVKDJUHDWHUKHWHURJHQHLW\PD\
DSSHDU 7KLV ODWWHU LV HVSHFLDOO\ GHSHQGHQW RQ WKH SDFNLQJ GHQVLW\ RI WKH KROORZILEHU EXQGOH
ZKLFK WHQGV WR EH ORZ EHFDXVH RI WKH FRPSDFWLRQ RI WKH KROORZ ILEHUV VXEMHFWHG WR D KLJK
SUHVVXUHLQWKDWGLUHFWLRQ
7KHSUHVVXUHGLIIHUHQFHZLWKLQWKHEXQGOHDSSHDUVORJLFDOEHWZHHQWKHHGJHDQGWKHFHQWHURI
WKHEXQGOH7KLVGLIIHUHQFH LVGXH WR WKH ORVVRISUHVVXUH LQ WKHEXQGOHEXWDOVR WR WKH ORVVRI
PDWWHU FDXVHGE\ WKH SHUPHDWLRQ RI WKH KROORZILEHUV7KHHIIHFW RI JUDYLW\ LV D FODVVLF OLQHDU
HIIHFWZKLFKFDQEHWDNHQLQWRDFFRXQW)RUDJLYHQSHUPHDELOLW\DQGSRURVLW\LWDSSHDUVWKDWWKH
SUHVVXUHRIWKHLQOHWEDFNZDVKLQFUHDVHVDQGWKHSUHVVXUHGLIIHUHQFHEHWZHHQWKHHGJHDQGWKH
FHQWHU RI WKH EXQGOH LQFUHDVHV 5HODWLYHO\ WKH UDWLR SUHVVXUH GLIIHUHQFH RQ LQOHW SUHVVXUH
UHPDLQVFRQVWDQW)RUDJLYHQSHUPHDELOLW\DQGLQOHWSUHVVXUHWKHHIIHFWRIWKHSDFNLQJGHQVLW\
RQ WKH ILOWUDWLRQKRPRJHQHLW\ LVDVKLJKDV WKH ODWWHU LV ORZDSRO\QRPLDOYDULDWLRQ LV WKHUHIRUH
REWDLQHG )RU D FRQVWDQW SURGXFW ³SHUPHDELOLW\LQOHW SUHVVXUH´ WKH KHWHURJHQHLW\ ZLOO EH DV
VWURQJDVWKHSHUPHDELOLW\LVKLJK7KLVSURYHVLQDSUDFWLFDOPDQQHUWKDWLWLVQRWUHDVRQDEOHIRU
D JLYHQ PRGXOH JHRPHWU\ WR UHSODFH KROORZ ILEHUV E\ PRUH SHUPHDEOH KROORZILEHUV ZLWKRXW
ORZHULQJ WKHHIILFLHQF\RI WKHEDFNZDVK ,QSRVW WUHDWPHQW LW LV WKHUHIRUHSRVVLEOH WRFDOFXODWH
WKH JOREDO IORZ SURGXFHG E\ WKH PRGXOH DQG WR HVWLPDWH WKH ORVV RI IORZ FDXVHG E\ WKH
KHWHURJHQHLW\RI WKHSUHVVXUHZLWKLQ WKHEXQGOH FRPSDULQJ WRD WKHRUHWLFDO YDOXHHTXDO WR WKH
SURGXFW ³VXUIDFHSHUPHDELOLW\LQOHW SUHVVXUH´ 2EYLRXVO\ WKHVH QXPHULFDO VLPXODWLRQV KDYH
EHHQYDOLGDWHGE\H[SHULPHQWV
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)LJXUH  3UHVVXUH PHDVXUHPHQW LQ WKH KROORZ ILEHU EXQGOH DV D IXQFWLRQ RI WKH SRVLWLRQ
REWDLQHGE\QXPHULFDOVLPXODWLRQVDQGH[SHULPHQW >,QGXVWULDOPRGXOH%DFNZDVKPRGHRXWLQ
,QOHW3UHVVXUH3L EDU7 İ @
.H\ZRUGVXOWUDILOWUDWLRQKROORZILEHUPRGXOHSUHVVXUHDQGYHORFLW\ILHOGVEDFNZDVK


